In this work we revise the taxonomic status of the Lotus-nodulating strains MAFF 303099 T 
, and also in several phenotypic characteristics. Therefore, we propose the reclassification of these two strains into a novel species named Mesorhizobium japonicum sp. nov., with the type strain being MAFF 303099 The strains Mesorhizobium loti MAFF 303099 and R7A, isolated from Lotus japonicum in 1981 Japan (Saeki & Kouchi, 2000) and from Lotus corniculatus in New Zealand (Sullivan et al., 1995) , respectively, have been widely studied and their genome sequences are currently available (Kaneko et al., 2000; Kelly et al., 2014) . Both strains were identified as Mesorhizobium loti because they nodulate Lotus, but it is currently known that there are other species nodulating this legume, for example the recently described species Mesorhizobium jarvisii and Mesorhizobium erdmanii (Martínez-Hidalgo et al., 2015) . Therefore, it is necessary to revise the current taxonomic status of strains MAFF 303099 T and R7A. In the case of strain MAFF 303099 T , it was previously reported that this strain does not belong to the species M. loti and suggested that it should be classified into Mesorhizobium huakuii (Turner et al., 2002) ; nevertheless this proposal, which was never officially approved, was only based on the study of a few genes in some species of the genus Mesorhizobium.
In this work, we analysed different genes, the fatty acid profile, the biochemical and physiological characteristics and the DNA-DNA relatedness of strains MAFF 303099 T , which is proposed as the novel type strain, and R7A, comparing these characteristics with those of the most closely related species and showing that the strains belong to a species phylogenetically divergent from M. loti and distinguishable from the remaning species of the genus Mesorhizobium. Thus, strains MAFF 303099
T and R7A represent a novel species for which the name Mesorhizobium japonicum sp. nov. is proposed.
The complete genomes of strains MAFF 303099 T and R7A are available in Genbank under the accession numbers NC_002678 and KI632510, and average nucleotide identity (ANI) between these strains was calculated according to the method of Varghese et al. (2015) using the IMG/ER website from JGI (https://img.jgi.doe.gov/cgi-bin/mer/ main.cgi). For the phylogenetic analyses carried out in this study, the gene alignments were performed using the CLUSTAL W software (Thompson et al., 1997) . The distances were calculated according to Kimura's two-parameter model (Kimura, 1980) . The phylogenetic trees were inferred using the neighbour-joining and maximum-likelihood models (Saitou & Nei, 1987; Rogers & Swofford, 1998) and had the same topology with respect to the neighborhood of the species studied; therefore, only the results of the neighbour-joining analysis are shown. The MEGA5 package (Tamura et al., 2011) T , respectively. The phylogenetic analysis of this gene (1270 positions) showed that these species belong to a wide cluster containing several species of the genus Mesorhizobium with similarity values higher than 99 % in their 16S rRNA gene sequences (Fig. 1) .
High similarity values in the 16S rRNA gene sequence are commonly found among species of the genus Mesorhizobium (Fig. 1) , which, however, are distinguishable on the basis of their housekeeping gene sequences. Since the recA and glnII gene sequences are available for almost all species of this genus, they were analysed in this study. and similarity values close to 97 and 96 %, respectively, were found in glnII gene sequences with respect to the same species. Such distances were also found in this work among other species of the genus Mesorhizobium, such as Mesorhizobium waitakense, Mesorhizobium sangaii and Mesorhizobium sophorae, suggesting that strains MAFF 303099
T and R7A could belong to a novel species within this genus (Fig. 2) .
The novel species status was confirmed by DNA-DNA hybridization experiments carried out following the method of Ezaki et al. (1989) (Wayne et al., 1987) indicating that strains MAFF 303099
T and R7A belong to a novel species within the genus Mesorhizobium.
The DNA G+C content, calculated from the sequenced genome data, was 62.7 % for the type strain MAFF 303099 T and 62.9 % for strain R7A.
The cellular fatty acids were analysed by using the Microbial Identification System (MIDI; Microbial ID) Sherlock 6.1 and the library RTSBA6 according to the technical instructions provided by this system (Sasser, 1990) . The strains were cultured aerobically on TY plates (Beringer, 1974) at 28 C, and cells were collected after 48 h of incubation at the exponential growth phase. The major fatty acid of the species of the genus Mesorhizobium analysed was summed feature 8 (C 18 : 1 !6c/C 18 : 1 !7c) with percentages higher than 40 % in all cases (Table 1) , with slight differences in the proportions of C 18 : 1 !7c 11-methyl and C 19 : 0 cyclo !8c (Table 1 ).
The phenotypic characterization was performed using API 20NE and API ID32GN galleries inoculated according to the manufacturer's instructions (bioM erieux) and adding sterile MgSO 4 . 7H 2 O to the medium supplied up to a concentration of 0.2 g l À1 with the aid of a disposable Pasteur pipette. We also used API 50CH galleries (bio-M erieux) inoculated with suspensions of each strain in a basal medium containing 0.2 g Na 2 HPO 4 l
, 0.8 g yeast extract l À1 and 0.04 g bromocresol purple l À1 adjusted to pH 7 (Ramírez-Bahena et al., 2012). The results were read after 2 weeks of incubation at 28 C in the case of API 50CH and 7 days in the case of API 20NE and API ID32GN (Table S1 ). Growth temperature range was determined by incubating cultures in yeast mannitol agar (YMA) medium (Vincent, 1970) at 4, 15, 28, 37 and 45 C. Growth pH range was determined in the same medium with final pH 4.0, 6, 7, 8, 9 or 10. Salt tolerance was tested in the same medium containing 0.5, 1, 1.5, 2 or 2.5 % (w/v) NaCl. To test the natural antibiotic resistance, the disc diffusion method on YMA medium (Vincent, 1970) was used. The discs contained the following antibiotics: ampicillin (2 mg), erythromycin (2 mg), ciprofloxacin (5 mg), penicillin (10 IU), polymyxin (300 IU), cloxacillin (1 mg), oxytetracycline (30 mg), gentamycin (10 mg), cefuroxime (30 mg) or neomycin (5 mg) (Becton Dickinson, BBL). A growth inhibition halo greater than 2 mm from the disc edge was considered as indicative of antibiotic sensitivity. 
Mesorhizobium alhagi CCNWXJ12-2 T (EU169578)
Mesorhizobium camelthorni CCNWXJ40-4 T (EU169581)
Mesorhizobium chacoense Pr5 T (AJ278249)
Mesorhizobium albiziae CCBAU 61158 T (DQ100066)
Mesorhizobium tamadayense Ala-3 T (AM491621)
Mesorhizobium mediterraneum UPM-Ca36 T (L38825)
Mesorhizobium temperatum SDW 018 T (AF508208)

Mesorhizobium robiniae CCNWYC 115 T (EU849582)
Mesorhizobium muleiense CCBAU 83963 T (HQ316710)
Mesorhizobium caraganae CCBAU 11299 T (EF149003)
Mesorhizobium metallidurans STM 2683 T (AM930381)
Mesorhizobium tarimense CCBAU 83306 T (EF035058)
Mesorhizobium tianshanense A-1BS T (AF041447)
Mesorhizobium gobiense CCBAU 83330 T (EF035064)
Mesorhizobium opportunistum WSM2075 T (AY601515)
Mesorhizobium japonicum R7A (KI632510)
Mesorhizobium erdmanii USDA 3471 T (KM192334)
Mesorhizobium japonicum MAFF 303099 T (NC_002678)
Mesorhizobium jarvisii ATCC 33669 T (KM192335)
Mesorhizobium huakuii IFO 15243 T (D134319)
Mesorhizobium waimense ICMP 19557 T (KC237387)
Mesorhizobium septentrionale SDW 014 T (AF508207)
Mesorhizobium amorphae ACCC 19665 T (NR024879)
Mesorhizobium abyssinicae AC98c T (GQ847896)
Mesorhizobium shonense AC39a T (GQ847890)
Mesorhizobium hawassense AC99b T (GQ847899)
Mesorhizobium silamurunense CCBAU 01550 T (EU399698)
Mesorhizobium acaciae RITF 741 T (JQ697665)
Mesorhizobium plurifarium LMG 11892 T (Y141458)
Mesorhizobium thiogangeticum SJ T (AJ864462)
Bradyrhizobium japonicum USDA 6 T (AP012206) were included in the phenotypic study as references. Phenotypic characteristics of the novel species are reported in the species description, and the differences with respect to the most closely related species of the genus Mesorhizobium are recorded in Tables 2 and S1 .
Although symbiotic genes do not offer taxonomic information because they are located in easily interchangeable elements (plasmids or symbiotic islands), the analysis of the nodC gene allowed the identification of strains at the symbiovar level , confirming that strains MAFF 303099
T and R7A belong to the same symbiovar as the type strains of other species of the genus Mesorhizobium nodulating Lotus, M. loti NZP 2213 T , M. jarvisii ATCC 33669
T and M. erdmanii USDA 3471 T (Fig. S3) .
The results from this study showed that strains MAFF 303099 T and R7A represent a novel species for which we propose the name Mesorhizobium japonicum sp. nov.
Description of Mesorhizobium japonicum sp. nov.
Mesorhizobium japonicum (ja.po¢ni.cum. N.L. neut. adj. japonicum pertaining to Japan, referring to the place of isolation of the type strain).
Gram-stain-negative, aerobic rods as for the other species of the genus. Colonies on YMA are white, circular and convex with a diameter of 1-2 mm within 4-5 days at 28 C. It grows at temperatures from 15 to 34 C and optimally at 28 C. The pH range for growth is pH 6 to 8 with optimum growth at pH 7. It grows with up to 0.5 % NaCl on YMA medium. Nitrate reduction, arginine dihydrolase and gelatinase are negative and urease and b-galactosidase are positive. Aesculin hydrolysis is positive. Assimilation of mannose, L-rhamnose, N-acetylglucosamine, D-ribose, inositol, sucrose, maltose, mannitol, glucose, salicin, melibiose, 
